BY MURRAY F. FO35

The Utilization of Capital Equipment:

INGRE.&.SES in output per unit of
input over tha long Tun have been at-
tributed to many factors, such as the
increased =kill and education of labor,
tha incrense in management knowledge,
and tha grester efficiency of new and
existing machines resulting from tech-
znologicsl and scientific advances. One
element of mporiance which is related
in part to some of the above factors
has been the more intensive uhilizedion
of capital equipment in the posiwar
period ps cormpared witk prewar. This
article is concerned with the measure-
ment and significance of shanges in
hours worked by machinery and equip-
ment In some Thajor sectors of the
Avapricen economy over this period.
‘This particular problem has reveived
relatively little attention as a subject
for serious investigation.! The topic is
of particular interest ot presomt in view
of the recent appearance of major
theoretical snd statistical studies in
this general area. The analysis and
resultz in this article shouvld be viewed
ag exploratory in character since at
this time the basic data required for a
definitive study are rather limited.
Most of this study dends with hours
worked per anown by equipment in
manufacturing, in particuiar, with
chaares from 1929 to the mid-1%50%.
It finds that [or the bwlk of equipment
in this important industry division there
bas heen an increase on ihe order of
one-third to one-half in the uiilization
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* Pustwar Compared With Prevar

rate over this period. No attampt has
been made to present similar estimates
for the entire atock of fixed capital
althouph the mapufasturing experiencs
is by no means ymique: the upward shift
in equipment utilizstion has appearsd
in other industries which have been
examined, whether or not their capital
stock is growing or declining.

An awverage unit of generating equip-
ment in electric utilities in the mid-
1960’s worked about 80 percent moxe
hours per yaar than in the decade of
the 1920°s. Iz mining, exclusive of
petroleum, an average wnit of ma-
chinety driven by electric motors worked
shout one-fifth mora hours in 1955-57
than in 1929, 'Whila there bas besz no
change in refative freight ear usa over
this period, each loeomotive in freight
sarvice is worling about 20 psrcant more
hours, and [scomotives in passenger
servics, which have undergone o drastie
decling in numbers, are working abont
two-thirds more hours per unit per
vear than they did in the 1920's. In
eonersl, the shift away from railvoads
toward trucking and pipelines has been
one in which capital s vsed with prester
intensity.

A comparison of the 1920's, particu-
larly 1929, with the mid-1950°s is
considered to be a valid one in analyzing
long-run chenges ; bath were paciods of
high output and high relative resource
utilization. To the extent that 192%
may differ from 1865 for cyolical
reasons, however, some of the long-ran
change in equipment hours presentad
here may be overstated.

It has not been possible to demon-
strate why thess increaves in refative
equipment use have come about or te
quontify the fectors underlying the
apparent changes, but e foew reasons can
at least be sugpested. For one thing,

there bas been a definite tendency
toward multiple-shift operations t—j
development that may have been stimy-
isted to some exient by the prenvium.-
phy-for-Gveriime provisions inskitbuted
by the Farr Labor Standerds Act of
1938 and aven by the NEA. The
World War IT experience must have
constituted a powerfal stimulus to mul-
tiple shifting and it i3 reasonable to
assume that the experience acquired by
many Brms during the war with two-
snd threeshifi operations wos carried
over inte the postwar years of high-
lave]l demand, Im fact, some of the
Hlustrations used in this article suggest
thet the major change in relative equip-
ment utibization tock place during and
immediately after World War II, and
that changes since then {aside from
eyclical movements) bavs besn rele-
fively small.

Also of importanes over the [ongrun
has been the advance in kmowladge
scquirad by manapement jn making
mors efficient vee of machines. One
sxample of this has baen the efforts by
many firms to smooth ont within the
Fear the produciion pesks whick coma
from sessonsi or ofher short-lived peak
Ioads and which frequently antail the
nee of standby equipment with relo-
tively low annuel utilization, The suc-
cess of the electric atilities in maidng ;
more intensive use of capacity needed
for peak losds—referred to further on—
has been outstanding, Moreovar, ib i
probably safe io say that over the long
run, there hos been n relative reduction
in "downiime® for equipment repaird. 3
The diesel locomotive is an excellent
example of an innovation that has been
succezsful in no smell measure becgue? ;
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it bas required relntively less time-out
for repaire and hes thus incrossed the
available working sime for lncomotives.

Within particular industries thers
have undoubtadly been efforts to intro.
duee confiouous, awtomatic operations
in whish machines tend to be used with
4 high dagres of intensity. Moreover,
thera has probably been a change in
product mix toward industries in which
continuous operetions are important—
aluminum, refined petroleum, chami-
cals, and elecicic power are important
ezamples that may be cited,

Significance of findings

What significance can be attached to
the incresse in hours worked by eguip-
ment? First of all, it is important to
kegp in mind a few of the major find-
ings thai have esmerged from recent
studies of produoctivity and economic
growth., Total output, it has heen
found, has risen at 2 faster rate than
hag the weighted total of factor isputs.?
Although messwred in various ways, in
sll cases this residual portion of growth—
in “total factor productivity” or out-
put per unit of npat-—hes been very
substantial and a quantitative explana«
tion of the many and varted sources
which may account for it is diffieulit
Furthermore, s it has been messurad
in the [amawork of such stadies, ths
contribution of the growth of fired
capital t0 the increase in total output
hes been found to be of relativaly amall
magnituds.

Againat this background, & rise in
#quipment bours per year from prewar
to postwar may be viewed In two ways,
On the one hend, it might signify that
the contribution of fixed capital'to long-
run output growth is prester {and pro-
dustivity corraspondingly less) than has
been caleulated in previous investign-
tious. Thie is bacause characteristioally
the changss in tha input of fized capital
have been massured by the real volume
uf gepital in plece, without adjustmant
for chenges in intensity of wae.
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An adjustment for capital’s contribu-
tion, dua to increased equipment-hours
worked per year, would be analogous
to thoe adjusiment of the labor in-
put—number of persons employed—
for i labor-hours per year.
Posaibly not «M of tha inereased aquip-
ment-hours should be so bhandled but
that part attributabla to {he advance
in multipla-shift, oberations word seem
to warrant such trsatment.

According to the second view, the ad-
vanee in homrs worltad by squipment
should not be conmdared as an iherense
in the input of capitel, which is better
messured by capital in place. Instead,
it. should be locked at a= the result
{massurable in part} of certain forces
thet have contributed to a rise in total
factor produetivity over thme: the ad-
vancez in menarement efficiency, for
exsmple, that have grown out of the
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experience gained irom working with
machinery, and frem engineering
pbudies within the plant; and the gajus
from meienca and résearch as “em-
bodied” in new machines of advaneced
technology. It may ba that the first
of these elemenis—the “advance in
management knowledge”—bulks large
s an explanatory facior in the inerease
in equipment hours sines one of the
focal points of management has been
the reduction of idle equipment time.
Buf increased management knowledge
provides only part of tha apswer since
it iz likely that many of the new tech-
nologies incorporated in modern mg-
chinery go bend in hand with Ionger
hours for equipment; this seems to ba
s distinguishing characteristic of many
new processes that ace labeled “con-
tinwous.* _

With capital input measured by stock
of capital in place, & lengthening of
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equipinent hours per yenr is clearly o
development of a capital-eaving vature.
In thiz connection, this shift may be o
partial explanstion for the observad
decline in capital-output ratios from
1929 to 1955,

The papas that follow disensze in de-
tail the basic dats uzed to demonstrate
changes in equipment hours per year
in manufacturing and mining, and in a
few othar industrise for which statistios
. perisining to some important types of
pquipment were raadily available,

Manufacturing

Tabor hours of work per yemr have
shown & fairly stesdy decline since the
lokter part of the 19th century; from
1909 to 1957 they declined from about
2,700 hours per noouim $¢ less than 2,100
bours. In menufacturing they fell
from 44 to 40 per week from the 1920%
te¢ date. But hours of labor do not
necesearily provide a relisble indication

of machinery-hours. In principle, a

40-hour week for labor ¢an be consist-
ent with 40, 80, or 120 hours o week
for s machine, depanding on whether
1, 2, or 3, 40-hour shifts are employed.

To illustrate the use of machine
houras data, we can look at the cotion
tesstile indwatey, from which the Burean
of the Censuz has been collecting
monthly statistics on the number of
eolton epinning spindles in piace and
the number of spindls-bours operatad
for approximately the past 40 esrs,

For thiz type of equipment there wos o

37 percemt decline in the number of
spiadles in place from 1928 to 1956, but
an 8% percent ingrease in hours worked
per spindls in place and thus sn 18
percent ineresse in the tota] number
of spindle-hours worked. The basic
trends are illostrated in the chart on
pige 2.

As n practical matber, a long-tarm
serigs on capacity utilization, in which
ghift operations, down-time and prod-
vet-miix chenges were ireated on n
congisient basis, might serve as an in-
dex of equipment bhours over time, buk
such figures are lacking though recently
saveral capacity-use series for the post-
wiar period hove been published for
manufacturing, It should be kept in
mind thot statistical measures ol capae-
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ity ubiisstion and of equipment utili-
zation” are not pecessarily identical
An  eqmpment wtilizatlon measure
should merely vefleet changes n-hours
per machine and should be independent
of the complications which may possi-
bly be introduced by chonoges over time
in output. per maching-hour,

Electric motors . and e.l’ecmc . potoer
‘consumpifon

Although comprehensive dats on

machine hours for oversll manufas-
turing are lacking, there i= a body of
statistica for manufactizing and min-
ing which mey yield whet is needed,
namely, the statiatica on power eguip-
ment sod on eleciricity consumption
from the Census of Manufactures and
the Census. of Mineral Industries,
Very briefly, the statistics provide the
basis for estimates of hours worked by
glectric motorz and thas howrs worked
by machinery driven by such motors,
which have been the dominant source
of power iIn American industry for
many .
For the vesrs 1950 and 1954 Conans
statistics are available for sach indusicy
on the pumber and agpregate harse-
power of eleciric motors in placa at the
end of each year; also given iz apgregate
elestric power consmmption—for all
purposea—within the year, measured
in kilowatt-bours. Statisticz on horss-
power of electric motors in placs have
alzo Deen published for 1929 but tha
electric pOWer eonsumpiion oo & de-
tailled induetry Dasis iz confined to
purchased power, as distinet from
power generated in the manufaetwing
plant. OQvarall estimates of totnl power
consumption in manufacturing, with a
breskdewn by broad industrial groupns
are obtainable, however, irom other
s0Urces,

Attention is focusxl on  elsctric
motors hecause of the dominant posi-
tion of such equipment ss & source of
work in American msnuefacburing in-
dustry. By 1929, oeccording to the
Census  Burest, electric motors oc-
counted for seme 80 percent of =all
mechanical workk done in faciories.
The remaining 20 percent wos no-
counted for by “prime movers"” such
as stean engines and turbines, gasoline

Foze 1063

engines snd weter wheals—which were
directly connected to machines. Bjr
1954 the electric motor Tatic had risen
to approzimetely 88 percent. "Tf we
can find sut how intensively tha motors
wera wovked we should have an approxi-
mation of the intensity with which tke
machinery driven by the motors has
been operated.

Hlectricity is= mnsumsd m factories
for four major purposes: (1} for lighe
ing, (2) for driving motors, (3} as g
raw material” in . electro-chemical pro-
ceages such as primary elumingm many-
facturing, (4) for heating, a3 in heat
treatment furnaces. There are other
miscellaneouz uses such as welding,
hand tools, meazuring instroments, ete,,
which in aggregate are much ]ee.s
important than any of those shown
above.

While a breakdown of power con-
sumption in thess uses for the years
1629, 1939, and 1854 is lacking, the
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Federal Power Commission . conducted
& fairly comprehensive survey. coveting
the year 1945, which provides such:a
breakdown on a 2-digit- induatry ‘hasis,
This study, sombined with the Clensus
deta on wmotors in piace and aggragate
power consumed in sach indusiry, pro-
vides the besic information for manu-
fagtwring. - The statistiés from the FPC
study nva shown in tabls 1.

The fighres for a singles vear——1054—
ars copsidered first. by way of back-
ground, although the main emphasia of
thiz article is on change rather than on
lerel.. These caleulations. indicate that
an  Rverage unit of electricmoior-
driven machinery, measured by liorse-
power, was operated about 3§ hoors a
week in that year. The computations
uged to derive this result are shown in
tha right-hand eolumn of table 2.

Given the horsepower of electrin
motors in place at the end of 1954
(lina 1}, the firat step was to assume that
each electric motor cowld work continu-
ously - throughout . the year—that is,
#,760 hours; this number times horse-
power of motors in place gives total
horsepower-bours -of motors avellable
in a year (line 2). The fact that such a
theoretical maximum could never be
attained in practice is itelsvant for the
purpose &% hand, Horzsepower-boura
were then converted to kilowaté-hours;
in work measurement, 1 horsepower-
hour =0.746 Lilowatt-hours, The re-
sults of these ¢aledlations were adjusted
apward by dividing thvowgh by 0.9,
sinca: modern electric motors have an
efficiency of approximately 00 percent,
that is, sbout 10 percent of power input
into the motor ie dissipated in the form
of heat.?! Thesa ealeulations (line 3}
give a theorstical maximum per year,
measured in kilowatt-hours, against
which actual klowatt-hours of zlee-
tricity eonsumed can be measured.

The proportion of  powsr wsad for
clectric motors in all maoufactaring
(line 5) was then derived by eppiying
the 1945 proportions of power for alec-
tric motor use, 28 given in tshle 1, to
lotgl power consumed in 19534 in each
Z-digit industry, a2 shown in the Census
of Manufactures. From this proce-

5 The wdjnstoreot coold alse lwve been e bY el
iog the powe conEnpon (pes Below) DY 10 (wrcent.
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dure, it was found that elestric motors
accounted for 64.5 percant of total
power sonsumption in manufacturing in
1854, or 142.7 billien kilowatt-hours.
Dividing this total by kilowati-hours of
motare in place in 1954—assuming year-
round operation—indicates a vtilization
rate of 209 percent. Thiz is the
equivalent of 0.88 forty-hour shifts—
since there ave 4 2 forty-hour shiftz in
s full weel of 168 hours.

Stock of capital is charmtermum]]y
measured in constant dollsre and in
combining the utilization rates for
indusiries, or for diffarent machines
within a plané, or plants within an
indestry, constant dollar weights should
be used rather then horsepower. Horse-
power may be justified as a basis for
weighting, hewever, on the ground that
there is prohably a {aicly good positive
correlation between the horsepower of a
machine and ita dellar cost, In this
paper no atiempt was made to combine
industriea comcepinally more appropri-
ate through the conatant dollar weights.

Cross-sectional results

Similar calculations were also run for
each of the 4-digit industries shown in
the 1954 Census of Manufactures, In
doing this, we were limited by the data
shown in-table 1, 50 that it was neces-
sary to use 2-digit industry factors on
power consumed by moters for adl
4-digit industries withan o given 2-digit
grovp. While this procedure intro-
duced an element of errcr, the broad
cross-sectional results are nonethetess of

uipmml Tasd in Manugfetoring Indupiriss: 164 and Earllsy Yeaor,
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interest. 1f the Fgures heve -zny sig-
pificance ot all, they should yield per-
centages well under 10—or 4.2 40-hour
ghifta—and should not excoad these
maximum limite. Out of almosl 400
industries for which zalenlations could
be made for the year 1954, theve were
almoat no industries in which com-
pletaly impossible results were obtained
from this simple ecalemlation. The ex-
ceptional eazes included primary alermi-
num, for sxample, where electricity iz
used a2 a raw material in an electro-
chemieal process, and where a small
erTor io the motor ratie conld seripusly
higg the vesults, There was only one
small industry which could not ha
ha explained in this fashion.

In the mild recession year of 1954,
the unweighted average number of 40-
bour shifts for 397 industries turned out
g0 be 090, or 26 hows per week. For
durables, the rativ was .74 {30 hours),
while for ponduerable goods industries
the ratio was 1,12 {45 hours). Partly
this difference reflects the fact that
durahle goods were reloiively depressed
mm 1954, end portly the fnct that in
nondurables continuous operations ore
more common than in durables. Rela-
tvely higher ratios were obtainsd for
industrieza like petrodeum, paper, ce-
ment, glass, cotton and coyon texilles,
and hosiery, and relatively low ratios
for the metal fabricating and machio-
ary indvstries generaily, which charac-
teristically work far below full opera-
tlons, and for sansonwnl industries such
g3 fruit and vegetable canning.
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Changes over time
The measurement of the change in the

utilization raie over time poses many :

difficulties. The aarliest manufac-
wriog figures refer to the year 1929,
In that year the Caneus of Manufas-
tures collacted figurea on horsepower of
glectric motors by detsiled industry
and type of motor (ueing purchesed as
agoinst plant produced power), The
information on power conswmption, as
poted earlier, was lmited to purchased
power only, that is, statistics were not
collacted on electric power produced
snd ¢onsumead in each indueiry. How-
evar, for many years the Federal Power
Commission bas obtained {rom indus-
trial concerns reportz on powsr pro-
duced by the plants themaelves. Theze
reports, phus the Census data, provided
the basis for an estimate by FPC of
power consumed for ald mannfeeturing
planis, togethar with a breakdown into
three' brogd groups copsuming large
apwunts of power: chemicals and
paper; primary metels; and sll other
manufscturing.®

Within each of these proups a
weighted percentige of power used for
motors was obtained. For this calcula~
tion the percentages used were thoss
for 2-digit industries shown in table 1.
The weights used to combine industries
were estimated total power consump-
tion by 2-ligit industry. Te obiain
estimaies of total power consumed in
each 2-digit mdustry the assumption
wns made that power comsumed by
motors yup by pleni-produced powar
stood in the ssmne ratio to the Lorse-
power ol such motors asz purchased
powar was relative tp motore ron by
purchased power. It s not likely that
B serious ¢rror bas been infroduced into
the 1020 figures by the weighting
procedurs.

The sumtnary figures for manufac-
toring for 1029, 1939 and 1954 are
ghown in table 2. Tt may ba noted on
line 5§ that the proportion of tots]
power devoied t0 motors was less in
1954 than in sither i929 or 1939, This
iz because the motor ratio is smaller in
durable goods manufacturing than in
nondurables, and beepuse durablas wara
higher relative to nondurables in 1954
than in either 1929 or 1939.

{, 'Tho sstlmabrs ors shown (o Rl Satpdicy af the
hafied Sabsy, Covonial Thimes io THST (D. 8123,
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The wutilization figure (either line 7
or 8) is markedly higher in 10564 than
in cither of the other 2 years: the 1044
ratio is 81 percent ebove 1939 and 38
pereent above 1939, Howsver, since
L2954 wes a recession year it & appro-
priate in eny sompariscn with 1920 to
extend the calenlations ta the year
1955, which wsae one of relativaly full
employment, The year 1929 was claar-
ly one of vary high output for manu-
facturing even though output started

Tahle 3..—Electrle Mators, Power Consvongy-
tivn sod Utilization Rate, AD Manu-
fappuring Industries Excluding Peimary

Metals, » and Paper
Tt Lpag | iy
n Hnmpmmﬂ dlottrie | MIHILONS of we |21
o
Ewr. o I T
12 " - b *W kDo (LT 3782
Tebdl eloctehe power |oeo oo ooee | 26,8 1
.1:33 eomaumd, o
{4) Prreent of botal poony | Torotod e m e a0k | Tem
Ot Lopad ey mutonk,
{6 Powor communecd by | BlHeow of icile- | 214 | M-S
[T watt-baurs
% Parcint otillzathon Farcent... .. —| 11 ] wT
[EE -
T -Equivalent Hehovr o] -]
ek

1, Imeludes ponatant odhescment for modor sfScemsy,
Baam-utuutam oitahbe 2

Gortren: 'LTE Deépartmadik of Cothgiorms, Dflée of Dolnsss
Fooosinlol

t; move down in the second half of the
year. Some reduetion in capacity utili-
zation: was baginning t0 develop in 1929
although, according to The Brovkings
Institution, output for the year as a
whole was estimated to be approxi-
matsly E3 percent of '*practical sa-
pacity"™—a figure considersd to be
relatively high.?

Through the use of power comsurnp-
tion data for 1955 by 2-digit indusiries
from the Annusl Swrzey of Manyfac-
#ures and the motor percentagea shown
in tabls 1, the overall shange in power
consumed by motors from 1954 to 1956
was estimated to be 12 percent, For a

‘rough approximation of the changa in

motors in place from 1954 te 1955 the
changn in real net stocks of equipment
in manufacturing was used—2.2 per-
¢ent, This yielded a 9% percent rise in
the utilization zate—a figura“ that
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compares with a mse of 8% percent as
shown. in the FRE capacity utibization
index from 1954 to 1955. Thus the
equipment utilization ratio from 163
{¢ an approximately somparable high
amployment year in the 1950's shows
&t increase of almost 45 percent.

Some partiel checls q,f t;he overal]
resulis -

In considering the overall changes
shown in table 2, the 10301954 chenge
i not unexpected insofar as 193% was
atill a depresmion year while 1854 was o
¥ear of high output, despite the miner
rocession. Orp the other bend, the
srnpll difference between 1939 and 1920
eomes as eornathing of a surprise be-
causs 1929 vwaz a vear of generally high
activity.

A limitad check of the 102039
change, by individual induetries, was
eondusted, in which sattention was
condined to those industries m which
motors driven by purchased power in
1929 accounted for fwo-thirds or morva
of the total horsapower of all motors.
By considering only motors run mainly
by purchased power (and the corrve-
sponding censumption of puarchased
power) much of the error that might
bheve crept inte the 1929 estimates
due to the possibly fanlty estimation of
power generated by plants for their
awn use should be eliminated.

Thers were 131 industries wiich had
not changed in definitiony and which
could ithus be directly comparad; for
these there was a very slight increase in

Table 4.—Capacisy utilizatlon ratios, 2~
lacted industeies, 1929, 1939 and 195
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the 1989 utilization ratio over 1922,
megsured by the median change. Over
the L0-year period the dureble zoods
radio was & Bttle lower whila the noun-
durables ratioc was somewhai higher,
and a proper weighting system would
probably yield a small overall de-
craase, approximately in line with the
nggrepate change shown in table 2.

For a second check promay metels,
paper and chemicals were excluded
from the caleplationa sinca these in-
dustries are very large power consumers
and errors in any of the 1920 estimates
could bias the 1929 results. The totel
after these entlusions, bowsver, yielded
8 change of 40 peresnt from 1929 to
1054, or more than the shanga shown
by the overall manufacturing totals.
Results of these calenlations appear in
table 3, which iz partly condensed.

Az anofher crude kind of check of §he
calculations presented in tables 2 and
3, the few dirset measures svaiiable on
capasity ntilization can be axamined.
They show rather large declines from
1929 to 1939 in steel, cement, and re-
fined copper but are about unchanged
or somewhat higher in nondurables.
About ail that can be said iz that they
do not point to uniformly higher ca-
pacity utilizetion rates in I929 as
ngniost 1939,  (table 4).

The changes from 1929 to 1954 yield
-clesrer pictore. ‘With the exception
of copper and stesl, all the capacicy
utiliznticn retes are higher in 1984; if
the comparison were shifted from 1054
to & high-level demaned period, such as
1355, the steel industyy also would show
a higher wtilization ratio thar in 1929,
It is of interest to note thatin the case
of cotton textilea the utilization ratio
derived from spindles and spindle-
hours increased 41 percent from 1939
to 1954, whereas the cermmespendiog
utilization ratio derived from the elee-
tric power and motor ecaloulations
increased 34 percent.

In considering the 1926-3% com-
parizon, it shoold be kept in mind that
capital formation in the decede of the
19208 was extremely low; OBE asti-
mates of the net stock of equipment in
manufacivring were actuelly o bit
lower in 1939 then in 1020, and the
relio of stocks to output was essentially
ugchanged over tha period.

SURVEY OF CURRENT BUSINESS

Some gualifications

In using the change in electric motor
utilization es outlined in this crticle to
meastre changes in equipment utilize-
tion, the assumption has been made that
there has been no change in the techni-
cal efficiency of motors over the period
under consideration. According toelec-
trical engineers, the elecinic wotor has
1ot changed much in this respect, mein-
1y becausa its efficiency—in the neigh-
borbood of 0 porcent—was already
very high even as long as & generation
ago. Obviously the resulis would be
bissed if more powar wers required to
rnim & motor of a giver horsepower
rating a _piven length of tims today as
aggingt the 1920°z. If anything, theore
may be a bias in the opposite divection

Tabla S.=—Eleettic Motors, Electian

i3

becamse there has been some increase in
the efficiency of very large motors.

Ii has also bean mssumed that in 2
givan 2-digit industry the proportion of
tetal power consumed by moters has
a0t chenged from 1929 t0 1954, Aside
from the few mdustries that are very
large consumers of power—aluminum,
steel and cartain chemicals—the main
use of sleciric power other than motors
in manufacturiog industry heas tradi-
tionally been for lighting. The bitle
evidence that bears gn this point would
not invalidata the above assumption.
In astudy made for Westinghouse Elec-
tne Corperation in 19584, the authors
estimated that the lighting share of
powar salss made to industrial ueers
rose moderately {rom 1937 to the war

years and very osrly postwar yeers,
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moved back o the 1937 proportion by
1950-51: and was projected to move
moderately lowar over the next decades.®
While lighting standards underwent a
very marled improvement a& nresult of
the war, it should be kept in mind that
the substitu@on of the fluorescent lamp
for tha incandescent lamp, starting im
the early 1940's, meant a decline of 60
percent in powar consumption for o
given anount of light. Thers axe no
statistics available on. electricity used
for lighting in menuischoing going
back to 1820, .

Another factor that has been ignored
Las been the inoreazed uee of measuring,
metering and control inetruments, which
heve grown moTe rapidly than ma-
chinery generally. There was no way
of taking account of this development
jo the present ealenlations. Some of
the larger pietes of mensuring and con-
trol equipment, ne doubt, have motors
aitached to therm and to this axtent
wovld not bias the resulis shown here.

As noted earlier, the fipures presented
hers take no account of machinery
directly powared by internal eombus-
ticn engines, steam engines gnd tur-
bines, ete. In 1920 prime movers not
attached to penerators—that is, directdy
tied to factory squipment—saccountad
for sbout 20 percent of horsepower in
place and by 1954 the proportion had
fallen to 12 percent. The problem
here is to detarmine the changes in tha
utilization rate -of machinery po.vered
by =ources other than eleetric motors.
In 1954 about twa-thirds of the primne
movers not driving generators were in
chemicalz, petrolevm refining and blast
furnsces, steel works and rolling mills.
It would probably be fair io say that
the relative use of such eruipment
increased somewhsat lesa than the over-
all riee of 31 percent from 1920 to 1054

shown for afl manufacturivg. In pe-

trodenm- refining, where the steam tur-

bine js predominant, the industry’s

operating rate, according to published

3. Yhe EiphMap Afarkel, & Repett for Penirphonee Dleeirie
Cerperetien, Euase Berofees, Pee, AQTH 196, p. €
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dats, roze from 73 percent'in 192910 85

percent in 1954, or by.13 percent. On
tbe other hand, in an’ industry like
steel, eqmpmant directly driven hy
stanm engines in 1854 was probebly of
rether ancient vintage, and probably
represented “high-cost, stand-by equip-
ment that saw Telstively Lttle uze a3
comnpared with the modern continnous
rolling mills powered by electric motors.
" Finally, the calculations beve ignored
cornpletely equipment such 'us furnnces,
ovens, storage bing, furnibure, hand
tpols, as well as transport aqmpmant- of
all typea.’ To the extent that furnaces
and ovane sxe used contimtously, thair
relative vse ovar time has changed only
4o the axtent that the proportion of idle
to active equipmeni.-has changed. In
the casa of tranzport aquipment, hand
tooks, ete., it would probably he reason-
able to assume thet the same factors
leading to mora jotensive use of alectrie
motor-driven equipment—the trend to
multipie shift work, the ratonslization
of equipment usa—have basn operating
here. Ag for office furniture and related
itemes, a rather unimportant catepory
for mapufacturing as a whols, its use

WJome 1068

has 'probably i declined - to - the - extent
that- the workwea}r tor ofﬁca wnrkers
Las dechnad

Other lndusmeﬁ

Mtnmg

The data Em- mmmg are less com-
probensive than for - manttfncturmg,
Although horsepower and alectric power
congymption . statistice have been col-
leéted in each Censnz of Mineral Indws-
triag, statistics parfaiving to the extrac-
tion of . crude petroleum and natural
gas were omitted from the 1920 Census.
Inn addition, elastric motore account for
only two-thirds. of the horsepower in
place in mining,; sxclusive of patroleum
and netural gag, and in the latter they
ATe quita - unimportant-' BE & PGWEI
a0Urcs.

Table & presents the basie stat.lstma
on horsepower of eloctrie motors end
ploctricity comsumption Jor all indus-
tries eombined, exeluding eride petro-
levmn and natural gas, and for o few of
the major indostry groups for the years
1929, 1939 and 1954, Ancording to the
FPC géudy (table 1), about 95 percont
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ELECTRIC UTILITIES
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of ell electricity . consumed In mining
is wsed to run motors.

For the group as & whole there was &
rise in the uilization rate of only 4
perceat from 1929 to 1954, Mining
outpué, however, while comparatively
kigh in 1920, was guite depressed in
1954 because of the recession, so that
it seem:s quite appropriate to make some
adjustment on this eccount. Mimng
output, exclusive of crude petroleum
and natural gas, rose 224 pereent irom
1954 to 105557, according to Federal
Reogerva data, [ tewwo-thirds of fhis
rise were taken ss & rough spproximsa-
tion of the inersass in the relative
operating rate, this would yield = 19
percont rize from 1929 to the mid-1950%.
One sxplanatjon for the apparenddy
gmaller yise as compared with manufac-
turing is that multiple-shifi operations
have historically been common in many
miming indnstries.

Eleetric uiilitios

Bince elactrie utilities ars required to
furnish powser to satisfy customer pealk
loads, gemerating copecity in place,
which aceounts for about 40 percent
of groes depreviable mszets of elecirie
utilitiez, hes characteristically besn
conziderably in excess of avorage use.
While' the -ratio of output to capscity
for privately-owned utilities increased
up to World Wax T, lictle progross was
made during the 1820°s when average
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usage was in the neighboxhood of 3,000
bours per kilowatt of instelled capacity,
¢r mbout 35 percent of the 3,750 hour
annyel maxiraum. The ratia began to
incresse in the Iate 1930 until about
1848 and for the naxzt dacads uctuatad
in the neighborhood of 5558 percent.

An important factor in the 60 percent
Tisa in the utilization facter from the
1920°s to the 1950’ hes been the wmove-
ment toward interconmection, by means
of which planis within the same evstem
and systema over wide geographieal
areas have been interconnected, so thai
the need for standby genarsting capac-
ity in individual systems has been
considerabiy reduced.

Chapges in the intansity of utiliza-
tion of railroad equipment show a
mized picture. The relative utilization
of freight cars bas undergone lictle
thange from the 1920°s to date aad has
remained &t & comparatively low level,
Measnred in terms of traveling time—
botk empiy and loaded—the averags
freight car was uged 1,000 hours in 1926
and 995 hours in 1956, Tt may well
be that if time spené waiting for wn-
loeding " snd Joading were taken into
account, avarage usage might in fact
show some decresss over this period,

55 &
Dare: Dwrlvad from 0 B AAR Statlcw ot

blad-T

thoegh firm data on this point arm
lacling.

Locomaotive usa is another matter,
The shift from steam to diesal lngoma-
tives over the psst geperation has been
aceompanied by & clear-eut meresse
in relative utilization. Indead, this
change has come about mainky becauvse
of the superior operating performsnocs
of the diesel as compared with the
steam engine, and, amony ether things,
has taken the form of zeduneed time-
out for maintenance and repairs.
Hours perlocometive assigned to freight
gervice in 1926, for example, averaged
1,866 in 1926 as agsinst 2,288 in 1956,
an inereasa of ppproximately 20 percent.

With passenger service falling to
exceptionally low levels, locomotives
asgigned G4 poassenger service have
fallen by 80 percent from the mid-1920’s
to the mid-1p50%. Hours per locomo-
tive have rizen, however, from sbout
1,800 to spproximsately 2500 over
this period.

Locomotives in yard switching serv-
ice find their most intensive usa. Data
are not available back to the 1920% but
the arailable statistics suggest s con-
siderable increase over time, given the
preveleace and relative inefficiency of
the steam locomotive in the earlier
period.  {Table 6.)
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Appendix

The avnilobility of some limited
information on employment by shift
suggeated the possibility of an altarna-
tive approach t¢ the estimation of
squipment hours of work in mining
and manufacturing.

The 1939 Census of Minsral Indus-
tries published, by detailed industry,
employment by shifis, averape number
of hours per ghift, and the average num-
ber of equivalent full-days that opera-
tivns were arctive in the year 1935
Table 7 presents a comparison of the
equivalent number of 20-hour shifts
worled by equipment as derived from
the two approaches, for all mining
industries {extluding crude petrolenm
and natural pas) and for a few of the
larger industries in which ghift work is
important (coal, iren ore, certaln nen-
ferrous ores),

The calculations malong use of the
shift date are shown below for zll
mining mdustries, Employment is ex-
preszed = terms of man-shifts {one man
worldng one shift per day). Average
hours per shift in 1939 were 7.3.

Manenips| Aversge | Totaldauy
T+ | dally ura|  hoegs

(mdiLion Iy boara)
Tirat Ehifk e ceermmnee M. b w1 .1
[T - | — my ra| 167
T T 48 T8 B i
T e e [V . .8
* On the assumption that machines
psed per shift vary direotly with

employment snd that first shift ma-
chings represent the maximum avail-
able, we gel an average utifization of
machines of 916 hours per day.
(979.8+107.0). However, tha Cansus
also reported that mines and related
planta were sctive 203 equivaleot full-
time days in 1939, thet =, 55.6 percant
of 263 days. Multiplying 9.18 by .558
givez 5.00 hours per day, which is 64
percant of one 8-hour day, This com-
pinres with & ratio of 58 percent as
derived from the horsepower and slec-
tric power consumption daia.

For mapufasturing, produstion
worker employment donta by shifte ave
svailable on overall basis for the yoar
ending June 30, 19601 According to
this study of the Bureon of Labor Sta-
tistics, which was confined to employ-

H, “Supplaessniacy Wogn Benctits in Matropollian Arcas,
15p-H)," Moty Laber Rimiens, April 100, Talch I, Do 22,
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ment in metropalitan areas, 77.2 per-
cent of all production workers werae
employed on the first shifi, 16.4 oo tha
second, and 6.4 on the third and Gther
shifts. On the same assumption used
for mining, we get from this calculation
51.3 hours- per weak for mechinery
(772 X 40 4+ 0.164 X 40 4 0.064 X
40) 4+ 0.772. This figure was moved
back from 186660 to 1954 throuph the
use of some recently published -dats on
manuiacturing copscity  utilizetion,
malking some allowance for the strike in
the summer and faill of 1259. 'This
rough adjustment of § percent yielded &
figure of 4%.1 hours.?

Since the motor calonlations were
made with respect to a theoretical 365
dey capacity, a similar adjuetment
must be mades for the employment cal-
culations, though there is little infor-
mation for auch an adjustment. The
fact that Saturdsy snd Sunday ere
typically oot workdays and the faet of
part-times amployment are already re-
flacted in the average weskly bows
fipure. Ome downward sdjustment of 5
percent wis mads to allow for hours
paad for but not worked because of
vecations, holidays, sick leave, afe. A
second adjusiment wWas hacessary to
allow for the fact that even on the first
-ghift: not all work stations could be con-
sidered accupied. Since 1954 followed a
Foar of near-capacity operstions, it waa
decided to messure this slack by the

chonoge in employment from May 1063,

the cyclical peak in manufaciuring em-
ployment, t¢ the average level in 1954,
This yielded s 10 percent decline. QOn
this very crzde bazts wa get an average
of 41.7 howrs par week as against 85
hours, the figure obteined from the
agpregate caloulations derived from the
motor and power cOnsUmMPHOn COMpA-
fations shown in table 2.

Thera are at lenst two major shori-
comings with these ecal¢ulations for
manufacturing. Firet of ail it is prob-
ably not appropriate to assume that

' machine howrs by shift would be pro-
portional to employment by shift. For
some industries, such as metal fabricat-
ing, employment on late-shifts tends to
be overweighted with msintenance
workers rother than machinery-opera-

11. Eatitaies ware Doopaied by Frank DoLecuw of ibe
Paders] Bosgrvs and sppear o Dege 120 of “Rensnred of
Proddchirs Caphelty™ in Feorispe bafwa the Subeommitio o
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tivez. In the caze of contipvons ndas.
iries like peiroleum and industrial
chemicals, however, the reverse i= true.
In & 1952 study it wes found tha: only
ona-third . of “production’ workes g
refineries were employed on lata shifts,
even thoagh refirertes are run on a 24-
hour basia through the vear (aside from
meintepance shut-dewns}. - On  bal-
ance, the employmeat shilt date in
meoufactiring probably undersiatelate-
shift operaticns of equipinent.tt
Table T-—Number of Equivatens 40-Hour
Mining e ties e Tored

Employment Deta by Shifts aod from
Maotor Utilization Data, 1939 :

D'm mnt::mutl.-

by shliks T2
All mintng fdesirieg ! 0.6 -
Biturinoos ooal and ligniie, S5t T
Pennsyiveoisaotheanto... .| - 50 .56
T B .5
0Tl R —— LI i
Lead and tingorea________ g A5
Bald e oo eeean 118 1AL

L Taoelodes indosbcis not ghown bk goetmton pobpoTsim
sad oatore} gt

Boapen: 11,8, Departmantof Comumres, Oics of Buatnas
Eoooonjes.

Tha second major difficalty coneerns
the zgesumption that all machines on the
firat shift reprasant total machines avail-
abla and ean be appropriately adjosted
downward by the 10 percent figurs hased
on the cheoge in employment from the
1953 pesk to 1954,  Ouly fragmentsry
evifdencs is availabla on this point for
scattered time periods. In some un-
published BLS studies made io early
1951 coveriag metalworking industries,
1% was found that actual ermployment on
the first shift was approximately thrae-
fourths of the maximum that could be
empioyed oo the first shift with the
available equipment. Tn taxtiles, where
3-shift work is common, Census figures
indicata that first shift looms active ab
the end of 1962 as a percent of looms in
place were 97 percent for cotton mills,
87 percent for man-made fiber and silk
mills, and 78 percent for woolen mills-
The rough 10 percent sdjuztment used
above for all manufactiring ia probably
too low, but the resultant of the two
major data hiases discussed in this
Appendix cannet be determined.

12 Thiz i brodrbt oub DY AME Siectl In ax coprtiided
papar prsparwl far the Harvand Eemoome Battomh Props
and Fesources for Uhe FUbore, T, {19645,



